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ɹɤɿ ɫɩɪɢɹɬɢɦɭɬɶ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɢɜɱɟɧɧɹɤɭɪɫɭ ɡɚɝɚɥɶɧɨʀɮɿɡɢɤɢɜ ɫɭɱɚɫɧɢɯɩɟɞɚɝɨɝɿɱɧɢɯ ɡɚɤɥɚɞɚɯ ɜɢɳɨʀ
ɨɫɜɿɬɢɳɨɿɽɦɟɬɨɸɞɚɧɨʀɫɬɚɬɬɿ
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ɄɚɪɩɥɸɤɋȺȼɟɪɛɨɜɫɤɢɣȾɋɊɚɡɪɚɛɨɬɤɚɷɥɟɤɬɪɨɧɧɵɯɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯɪɟɫɭɪɫɨɜɤɚɤɫɪɟɞɫɬɜɨɩɨɜɵɲɟɧɢɹ
ɷɮɮɟɤɬɢɜɧɨɫɬɢɢɡɭɱɟɧɢɹɤɭɪɫɚɨɛɳɟɣɮɢɡɢɤɢɜɩɟɞɚɝɨɝɢɱɟɫɤɨɦɡɚɜɟɞɟɧɢɢɜɵɫɲɟɝɨɨɛɪɚɡɨɜɚɧɢɹ
ȼɫɬɚɬɶɟɚɤɬɭɚɥɢɡɢɪɭɟɬɫɹɩɪɨɛɥɟɦɚɪɚɡɪɚɛɨɬɤɢɢɜɧɟɞɪɟɧɢɹɜɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣɩɪɨɰɟɫɫɩɟɞɚɝɨɝɢɱɟɫɤɢɯɜɵɫɲɢɯ
ɭɱɟɛɧɵɯɡɚɜɟɞɟɧɢɣɷɮɮɟɤɬɢɜɧɵɯɩɟɞɚɝɨɝɢɱɟɫɤɢɯɩɪɨɝɪɚɦɦɧɵɯɫɪɟɞɫɬɜɨɛɭɱɟɧɢɹɫɩɨɫɨɛɫɬɜɭɸɳɢɯɩɨɜɵɲɟɧɢɸɤɚɱɟ-
ɫɬɜɚɢɡɭɱɟɧɢɹɤɭɪɫɚɨɛɳɟɣɮɢɡɢɤɢɫɬɭɞɟɧɬɚɦɢɮɢɡɢɤɨɦɚɬɟɦɚɬɢɱɟɫɤɢɯɮɚɤɭɥɶɬɟɬɨɜɢɨɛɨɫɧɨɜɚɧɚɰɟɥɶɢɯɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹɜɩɪɨɰɟɫɫɟɩɨɞɝɨɬɨɜɤɢɛɭɞɭɳɢɯɭɱɢɬɟɥɟɣɮɢɡɢɤɢɈɫɭɳɟɫɬɜɥɟɧɚɧɚɥɢɡɩɪɨɝɪɚɦɦɧɨɝɨɨɛɟɫɩɟɱɟɧɢɹɤɨɬɨɪɨɟɩɨ-
ɡɜɨɥɹɟɬɫɨɡɞɚɜɚɬɶɬɚɤɨɝɨɪɨɞɚɷɥɟɤɬɪɨɧɧɵɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟɪɟɫɭɪɫɵȼɯɨɞɟɢɫɫɥɟɞɨɜɚɧɢɹɛɵɥɢɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ
ɩɨɞɯɨɞɵɤɨɩɪɟɞɟɥɟɧɢɸɩɨɧɹɬɢɹ©ɷɥɟɤɬɪɨɧɧɵɣɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣɪɟɫɭɪɫªɚɬɚɤɠɟɩɪɟɞɩɪɢɧɹɬɚɩɨɩɵɬɤɚɜɵɞɟɥɢɬɶ
ɢɯɩɪɟɢɦɭɳɟɫɬɜɚɢɧɟɞɨɫɬɚɬɤɢɂɫɫɥɟɞɨɜɚɧɩɪɨɰɟɫɫɩɨɫɬɪɨɟɧɢɹɷɥɟɤɬɪɨɧɧɵɯɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯɪɟɫɭɪɫɨɜɫɩɨɦɨɳɶɸ
ɩɚɤɟɬɚɩɪɨɝɪɚɦɦ6XQ5DY%RRN2৽FHɤɨɬɨɪɵɣɩɪɟɞɧɚɡɧɚɱɟɧɞɥɹɫɨɡɞɚɧɢɹɢɩɪɨɫɦɨɬɪɚɷɥɟɤɬɪɨɧɧɵɯɤɧɢɝɢɭɱɟɛɧɢ-
ɤɨɜɚɬɚɤɠɟɞɨɤɚɡɚɧɚɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶɢɯɢɫɩɨɥɶɡɨɜɚɧɢɹɜɜɵɫɲɟɣɩɟɞɚɝɨɝɢɱɟɫɤɨɣɲɤɨɥɟɋɰɟɥɶɸɩɪɨɟɤɬɢɪɨɜɚɧɢɹ
ɷɥɟɤɬɪɨɧɧɨɝɨɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨɪɟɫɭɪɫɚɨɩɪɟɞɟɥɟɧɵɨɫɧɨɜɧɵɟɷɬɚɩɵɟɝɨɫɨɡɞɚɧɢɹɚɬɚɤɠɟɧɚɝɥɹɞɧɨɩɪɟɞɫɬɚɜɥɟɧɚɢ
ɫɯɟɦɚɬɢɱɧɨɞɟɬɚɥɢɡɢɪɨɜɚɧɚɫɬɪɭɤɬɭɪɚ
Ʉɥɸɱɟɜɵɟɫɥɨɜɚɷɥɟɤɬɪɨɧɧɨɟɩɨɫɨɛɢɟɷɥɟɤɬɪɨɧɧɵɣɪɟɫɭɪɫɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣɩɪɨɰɟɫɫɢɡɭɱɟɧɢɟɮɢɡɢɤɢɫɬɭɞɟɧ-
ɬɵɩɟɞɚɝɨɝɢɱɟɫɤɨɝɨɭɱɪɟɠɞɟɧɢɹɜɵɫɲɟɝɨɨɛɪɚɡɨɜɚɧɢɹ
.DUSOLXN629HUELYVN\L'6'HYHORSPHQWRIHOHFWURQLFHGXFDWLRQDOUHVRXUFHVDVDPHDQVRILPSURYLQJH৽FLHQF\
RIWKHVWXG\RIWKHJHQHUDOSK\VLFVFRXUVHLQSHGDJRJLFDOKLJKHUHGXFDWLRQ
7KHDUWLFOHGHDOVZLWKWKHSUREOHPRIWKHGHYHORSPHQWDQGLQWURGXFWLRQRIHৼHFWLYHSHGDJRJLFDOWHDFKLQJDLGVLQWKHSHGD-
JRJLFDOLQVWLWXWLRQVRIKLJKHUHGXFDWLRQLQRUGHUWRLPSURYHWKHTXDOLW\RIVWXG\LQJWKHFRXUVHRIJHQHUDOSK\VLFVE\VWXGHQWVRI
SK\VLFDODQGPDWKHPDWLFDOIDFXOWLHVDQGVXEVWDQWLDWHVWKHSXUSRVHRIWKHLUXVHLQWKHSURFHVVRISUHSDUDWLRQRIIXWXUHWHDFKHUV
RISK\VLFV$QDO\VLVRI WKHVRIWZDUHZKLFKSURYLGHVWKHRSSRUWXQLW\WRFUHDWHVXFKNLQGRIHOHFWURQLFHGXFDWLRQDOUHVRXUFHV
'XULQJWKHVWXG\DSSURDFKHVWRWKHGH¿QLWLRQRIHOHFWURQLFHGXFDWLRQDOUHVRXUFHZHUHDQDO\]HGDQGDQDWWHPSWZDVPDGHWR
KLJKOLJKWWKHLUDGYDQWDJHVDQGGLVDGYDQWDJHV7KHSURFHVVRIFRQVWUXFWLQJHOHFWURQLFHGXFDWLRQDOUHVRXUFHVWKURXJKWKH6XQ5DY
%RRN2৽FHSURJUDPSDFNDJHGHVLJQHGWRFUHDWHDQGYLHZHOHFWURQLFERRNVDQGWH[WERRNVDVZHOODVWKHIHDVLELOLW\RIWKHLUXVH
LQKLJKHUHGXFDWLRQVFKRROVKDVEHHQH[SORUHG,QRUGHUWRGHVLJQDQHOHFWURQLFHGXFDWLRQDOUHVRXUFHWKHPDLQVWDJHVRILWV
FUHDWLRQKDYHEHHQGHWHUPLQHGDQGLWVVWUXFWXUHLVFOHDUO\UHSUHVHQWHGDQGVFKHPDWLFDOO\GHWDLOHG
.H\ZRUGVHOHFWURQLFWH[WERRNHOHFWURQLFUHVRXUFHHGXFDWLRQDOSURFHVVSK\VLFVVWXG\VWXGHQWVRIKLJKHUHGXFDWLRQSHGD-
JRJLFDOLQVWLWXWLRQ
ɍȾɄ
ɄɟɞɿɫɈɘ
ɊɈɅɖɄȺɆȿɊɇɈȼɈɄȺɅɖɇɂɏɌȼɈɊȱȼɍȼɂɏɈȼȺɇɇȱɎȺɏȱȼɐȱȼ 
ɇȺɉɊəɆɄɍ©ȺɄȺȾȿɆȱɑɇɂɃɋɉȱȼª
ɍɫɬɚɬɬɿɪɨɡɝɥɹɧɭɬɨɨɫɨɛɥɢɜɨɫɬɿɜɢɯɨɜɚɧɧɹɮɚɯɿɜɰɿɜɫɩɟɰɿɚɥɶɧɨɫɬɿ©ɚɤɚɞɟɦɿɱɧɢɣɫɩɿɜªɁɚɡɧɚɱɟɧɨɳɨɜɩɪɨɰɟɫɿ
ɮɨɪɦɭɜɚɧɧɹɜɨɤɚɥɶɧɢɯɧɚɜɢɱɨɤɧɟɨɛɯɿɞɧɟɨɩɚɧɭɜɚɧɧɹɞɢɯɚɧɧɹɦɫɩɨɫɨɛɨɦɡɜɭɤɨɜɢɞɨɛɭɜɚɧɧɹɪɨɡɜɢɬɤɨɦɫɩɟɰɢɮɿɤɢɜɢ-
ɦɨɜɢɉɪɨɮɟɫɿɣɧɟɜɨɤɚɥɶɧɟɜɢɤɨɧɚɜɫɬɜɨɧɟɦɨɠɥɢɜɟɛɟɡɩɨɽɞɧɚɧɧɹɜɨɤɚɥɶɧɢɯɞɚɧɢɯɚɪɬɢɫɬɢɡɦɭɹɤɿɤɨɧɬɪɨɥɸɸɬɶɫɹ
ɿɧɬɟɥɟɤɬɨɦɉɪɨɜɿɞɧɭɪɨɥɶɦɚɽɡɞɚɬɧɿɫɬɶɪɨɡɤɪɢɜɚɬɢɡɦɿɫɬɬɜɨɪɿɜɮɨɪɦɭɜɚɬɢɧɚɥɟɠɧɢɣɯɭɞɨɠɧɶɨɨɛɪɚɡɧɢɣɜɢɦɿɪ
Ɂɧɚɱɧɭɪɨɥɶɞɥɹɜɢɯɨɜɚɧɧɹɫɩɿɜɚɤɿɜɦɚɽɪɟɩɟɪɬɭɚɪɜɢɤɨɧɚɧɧɹɹɤɨɝɨɡɭɦɨɜɥɸɽɩɨɹɜɭɬɢɯɱɢɿɧɲɢɯɜɢɦɨɝɞɨɜɢɤɨɧɚɜɰɹ
ɉɪɨɜɿɞɧɟɡɧɚɱɟɧɧɹɦɚɸɬɶɤɚɦɟɪɧɨɜɨɤɚɥɶɧɿɬɜɨɪɢɹɤɿɫɬɚɧɨɜɥɹɬɶɨɫɧɨɜɭɭɩɿɞɝɨɬɨɜɰɿɜɢɤɨɧɚɜɰɿɜɍɫɩɚɞɳɢɧɿɭɤɪɚ-
ʀɧɫɶɤɢɯɤɨɦɩɨɡɢɬɨɪɿɜɧɚɹɜɧɚɜɟɥɢɤɚɤɿɥɶɤɿɫɬɶɪɨɦɚɧɫɿɜɩɿɫɟɧɶɜɨɤɚɥɶɧɢɯɰɢɤɥɿɜɪɨɡɪɚɯɨɜɚɧɢɯɞɥɹɪɿɡɧɢɯɝɨɥɨɫɿɜɎɨɪ-
ɦɭɜɚɧɧɹɤɚɦɟɪɧɨɜɨɤɚɥɶɧɢɯɬɜɨɪɿɜɞɨɫɟɪɟɞɢɧɢ;;ɫɬɨɥɿɬɬɹɡɭɦɨɜɥɟɧɟɬɪɚɞɢɰɿɹɦɢɫɮɨɪɦɨɜɚɧɢɦɢɆɢɤɨɥɨɸɅɢɫɟɧɤɨ
ɇɚɬɨɦɿɫɬɶɞɪɭɝɚɩɨɥɨɜɢɧɚ;;±ɩɨɱɚɬɨɤ;;,ɫɬɨɥɿɬɬɹɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹɩɨɹɜɨɸɫɨɥɨɫɩɿɜɿɜɜɹɤɢɯɪɨɡɲɢɪɸɸɬɶɫɹ
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